ABSTRACT. Three semiexotic populations (CRE-01, CRE-02, CRE-03) obtained by incorporation of exotic germplasm (lines from CIMMYT, Colombia; selected for resistance to corn stunt complex) were evaluated in two cycles of recurrent selection with half-sib families. In cycle-I, samples comprising 50, 70, and 50 half-sib families were evaluated at Jataí (GO) and traits analyzed were ear yield, plant height, and ear height. For yield (t/ha), populations means were 5. 86, 6.19, and 5.31, representing approximately 73% of hybrid check. Sets of parameters estimates representing the three populations were: [237, 485, and 608] for the additive genetic variance ( In cycle-II, materials analyzed included 60 non-inbred (half-sib) and 60 inbred (S 1 ) families from each population, evaluated at Anhembi (SP) with two replications; traits analyzed included ear yield plus ear weight and grains weight of four ears, two plant traits (plant height and ear height), two ear traits (length and diameter), two tassel traits (branch number and length), and resistance to corn stunt complex. Means of half-sib families for ear yield (t/ha) were [10.614, 10.419, 10.842], representing 83 to 86% of the hybrid check. The same pattern of variation was observed for ear Variability and inbreeding in maize weight and grain weight of four ears. Means of S 1 families were [6.465, 5.527, 5.925] and the inbreeding depression in percent of the non-inbred families were [39.1, 46.9, 45.3]. Estimates for other traits are also shown.
0.684, and 0.801] for the index of variation (θ). In cycle-II, materials analyzed included 60 non-inbred (half-sib) and 60 inbred (S 1 ) families from each population, evaluated at Anhembi (SP) with two replications; traits analyzed included ear yield plus ear weight and grains weight of four ears, two plant traits (plant height and ear height), two ear traits (length and diameter), two tassel traits (branch number and length), and resistance to corn stunt complex. Means of half-sib families for ear yield (t/ha) were [10.614, 10.419, 10.842] , representing 83 to 86% of the hybrid check. The same pattern of variation was observed for ear
INTRODUCTION MATERIAL AND METHODS
The present project initiated with the introduction of 682 inbred (S 4 ) lines from CIMMYT (Centro Internacional de Mejoramiento de Maíz y Trigo, Colombia), which were previously selected for resistance to corn stunt complex (achaparramiento). The entire set of lines were planted in the year 2000 for visual evaluation in lines 3 m long with 15 plants per plot. The main focus of the evaluation was for resistance to the corn stunt disease, but other important traits including disease symptoms were also observed; to evaluate corn stunt, a 5-point scale was used, with 1 indicating resistance and 5 indicating susceptibility. In the next stage, 51 outstanding lines were incorporated into three local and adapted base populations, which were referred to as testers: P-3041, represented by the F 2 generation of the commercial hybrid (Pioneer Hy-Bred Seeds); CMS-14C, an open pollinated population derived from Pool-25 (CIMMYT, Mexico) and released by Centro Nacional de Pesquisa de Milho e Sorgo/ EMBRAPA; and ESALQ-PB23, a broad base population obtained from the cross ESALQ-PB2 (dent type) and ESALQ-PB3 (flint type), as described by Miranda Filho and Vencovsky (1974) .
The 51 lines were planted and crossed with the three testers. Poor plant development and low quality or quantity of available seeds resulted in the following numbers of testcrosses: 27, 29, and 19 in crosses with testes P-3041, CMS-14C, and ESALQ-PB23, respectively. The testcrosses of each tester were evaluated individually in two seasons at Piracicaba (SP); the average yield of topcrosses were 7.88, 8.11, and 8.29 t/ha, which are equivalent to 88.6, 91.1, and 93.2%, respectively of the check mean (commercial hybrid Agromen AGN-3050). For plant height and ear height all the topcrosses showed higher means than the hybrid check, averaging 115.2 and 113.1%, respectively. The overall results did not allow the choice of the best tester to be used as base population for the introgression of the inbred lines, suggesting the synthesis of three populations, representing the respective testers. Despite the low quantity of seeds in some crosses (testcrosses), a greater number of lines than mentioned above was used for the introgression into the three testers. Thus, the new semiexotic populations referred to as CRE-01, CRE-02, and CRE-03, were obtained by intercrossing remnant seeds of 30, 39, and 32 testcrosses, respectively.
After the synthesis of the three semiexotic populations, the program was directed to population improvement through recurrent selection with half-sib families. In 2008, a sample of each population was planted in isolated block for seed multiplication to initiate the first cycle of selection. Open-pollinated ears (half-sib families) were then obtained for CRE-01, CRE-02, and CRE-03, with sample sizes of 50, 70, and 50, respectively; families were evaluated in three experiments at Jataí (GO) following the completely randomized block design with three replications. Plots with 4 m spacing by 0.9 m with 20 plants were used. The evaluated traits included ear yield (EY) corrected for stand variation (kg/plot), plant height (PH) in cm, and ear height (EH) in cm. The hybrid AGN-3050 was used as check intercalated after sets of ten plots within replications.
Analyses of variance were performed according to the following model
where Y ij is the experimental unit referring to the i th family in the j th block, represented by plot total (EY) or sample means of five plants (PH and EH). In the model, m is the general mean, f i is the random effect of of the i th family, b j is the random effect of the j th -block, and e ij is the error term (random effect) for plots. For the purposes of this study, the following expectations are of interest: E(f i ) = E(e ij ) = 0, E( 
In the first cycle of selection, the main interest was related to the actual potential of the semi-exotic material for population improvement and a preliminary knowledge of parameters related to quantitative variation was emphasized. A mild selection (13/50, 18/70, and 11/50) was used for CRE-01, CRE-02, and CRE-03, respectively.
After recombination of the selected families of each population, seeds were planted in isolated blocks at Jataí (GO) to obtain random samples of 60 half-sib families. Pollination blocks were planted in the same year for selfing, to obtain 60 S 1 families from each population. The whole set of 360 families, comprising three sets of half-sib families and three sets of S 1 families, were divided in six experiments that were evaluated in randomized block experiments with two replications of plots 3.0 m long with 15 plants, with spaces of 0.90 between rows and 0.20 m between plants. The following traits were analyzed: TB -tassel branch number, TLtassel length (cm), PH -plant height (cm), EH -ear height (cm), EL -ear length (cm), ED -ear diameter (cm), RS -resistance to corn stunt complex (notes: 1 -resistant to 5 -susceptible), EY -total ear weight adjusted for stand variation (g/plot), E4 -ear weight of four normally developed ear in the plot (g), and G4 -grain weight of the four ears sampled for E4. Final stand (ST) was also analyzed to be used as covariate in the correction of for stand variation. The commercial hybrid DOW 2B 587 was used as check and intercalated between sets of ten rows within each replication of the trials with half-sib families. No check plots were included in trials with S 1 families. All the experiments were carried out in the same experimental area.
Analyses of variance with plot totals or plot means from experiments of half-sib families followed the same model as for the Cycle-I; the expectation of effects and mean squares are also similar, except that J (number of replications) = 2, so that
In both cycles, the genetic variance among half-sib families ( The analysis of inbred (S 1 ) families followed the same schedule used for half-sibfamilies, except that the traits TB and TL were not included. Additionally, the genetic variance among inbred families ( σ the dominance variance in the non-inbred base population; D 1 is the covariance between the additive and dominant effects in the homozygotes and D 2 is the variance of the dominance effects in the homozygotes (Cockerham, 1983; Souza Junior, 1989) . Therefore, because of the complex relationships in the inbred families, estimates were obtained only for the total genetic variance ( 2 * f σ ) and for the broad sense coefficient of heri-
The analysis of inbred (S 1 ) and non-inbred (half-sib) families from the same population allows the estimation of parameters that are functions of the population means. The basic model is given by (Vencovsky and Barriga, 1992) . m 0 = µ + a* + d* = A + d*: mean of the non-inbred population and the components are µ: half the difference between the genotypic values of homozygotes over all loci; a * : overall contribution of homozygotes to the mean; d * : overall contribution of heterozygotes to the mean.
In a population in Hardy-Weinberg equilibrium, the following definitions hold: a* = Σ i (2p i -1)a i and d* = Σ i 2p i (1-p i )d i , where, at the i th locus, p i is the frequency of the favorable allele, a i is the effect of homozygotes, and d i is the deviation of the heterozygote.
(Equation 10)
After generation of selfing, the population mean for 50% expected homozygosity is m 1 = µ + a* + 2 1 d*, and the following effects can be estimated: Â = 2m 1 -m 0 : expected mean of a random sample of completely homozygous lines extracted from the base population; E(Â) = µ + a*. d* = 2(m 0 -m 1 ): overall contribution of heterozygotes to the mean Id = m 1 -m 0 : inbreeding depression for 50% expected homozygosity.
RESULTS AND DISCUSSION
The results of the present study are shown independently for Cycle I and Cycle II.
Cycle I: Evaluation of half-sib families in three semi-exotic populations
The observed means and the coefficients of variation are shown in Table 2 for three traits. For yield (t/ha), the population means (5.86, 6.19, and 5.31 for CRE-01, CRE-02, CRE-03, respectively) did not differ (non significance of the three contrasts between the population means) with estimates around 73% of the check mean. Means for PH and EH were close to 230 and 120 cm, respectively; and were higher than the check mean for all populations, with differences of 1.6, 4.9, and 7.9% in PH and 5.9, 12.7, and 15.8% in EH. For yield, the small difference of CRE-03 may be attributable to the base population (ESALQ-PB23) used for introgression, representing a wide base and low improved germplasm, as compared with the genetic base of the other two populations that were the hybrid P3041 (Pioneer) in CRE-01 and CMS-14 (EMBRAPA) in CRE-02. The higher means for PH and EH in CRE-03 have the same explanation. The coefficients of variation (≤16.1% for EY, ≤5.5% for PH and ≤9.61% for EH) were within the acceptable pattern for field experiments.
The analysis of variance is summarized in Table 3 , that showed significance (F test; P < 0.01) for the variation among families for the three traits in all populations. The relative values of mean squares for families were in the order CRE-01 < CRE-02 < CRE-03 for the three traits, with higher expression of variability in CRE-03. Other parameters shown in Table 4 had the same tendency. In fact, the additive genetic variance ( 2 A σ ), the most important parameter for breeding purposes, showed estimates of 237, 485, and 608 (g/pl) 2 for EY, 189, 410, and 708 cm 2 for PH, and 253, 406, and 560 cm 2 for EH in the sequence of populations. Miranda Filho and Nass (2001) σ < 590 cm 2 for EH in five semi-exotic populations, from which three involved crosses with the race cravo and two with the race entrelaçado. Kist et al. (2010) Table 2 . Observed means Φ and coefficient of variation for three traits in half-sib families of three semiexotic populations (CRE-01, CRE-02, CRE-03). Jataí (GO).
reported estimates of 276.8 for EY and 579.3 for PH using the same unities. The estimates given by Andrade and Miranda Filho (2008) in the population ESALQ-PB1 were equally expressive: 582, 324, and 170 for EY, PH, and EH, respectively. The described populations, used as references, are characterized by a wide genetic base, so that the results presented in this study express a very favorable condition for all traits. Other parameters related to the genetic variability showed a similar trend. The coefficient of heritability for family means in the set of populations was [0.393; 0.584 Andrade and Miranda Filho (2008) were 0.398, 0.751, and 0.686 respectively. Kist et al. (2010) reported estimates of 0.344 and 0.771 for EY and PH, respectively. The index of variation (θ) was very promising in all instances and for EY followed the same pattern as other parameters, with estimates [0.464; 0.684; 0.801] in the sequence of populations. Vencovsky and Barriga (1992) Cycle II: Evaluation of half-sib and S 1 families in three semiexotic populations
The observed means for ten traits evaluated in half-sib families and eight traits in S 1 families are shown in Table 5 . In the set of three semiexotic populations [CRE-01, CRE-02, CRE-03], the observed means were [16.8, 18.9, 19.9] for tassel branch number (TB), [39.8, 42.7, 41 .0] for tassel length (TL), [212.5, 237.9, 241.4] for plant height and [120.1, 136.9, 139.9] for ear height; the sets of means followed approximately the same pattern, i.e., CRE-01 < CRE-02 < CRE-03. For these plant traits, most of the population means were slightly higher than the check means, which were 16.6 branches, 39.4, 185.2, and 98.8 cm. Farias Neto and Miranda Filho (2001) reported values between 6.3 to 43.0 for TB and from 38.2 to 43.6cm for TL in the population ESALQ-PB1. The higher means of CRE-3 for the plant traits is associated to the origin of the base population (ESALQ-PB23) used for introgression of the exotic germplasm. Means for ear length (EL) and ear diameter (ED) were around 17 and 5 cm, respectively. Compared with the hybrid check means (16.7 cm for EL and 5.4 cm for ED), the semiexotic populations showed means slightly higher for EL and slightly lower for ED. Andrade and Miranda Filho (2008) ψ TB = tassel branch number; TL = tassel length (cm); PH = plant height (cm); EH = ear height (cm); EL = ear length (cm); ED = ear diameter (cm); CS = resistance to "corn stunt" disease (notes from 1; resistant to 5: susceptible); EW = total ear weight; E4 = yield of four regular ears in the plot; G4 -grain yield of the same four ears of E4 (yield traits are expressed in t/ha and in percent of check means, in parenthesis). Table 5 . Observed means of ten traits in three semiexotic populations under two levels of inbreeding (F = 0 and F = ½) ъ .
The trait CS (resistance to corn stunt complex; scale from 1-resistant to 5-susceptible) revealed a good pattern of resistance in the three populations, particularly in CRE-3 because of its essentially tropical origin. The pattern of resistance was CRE-1 ≈ CRE-2 < CRE-3, with set means [1.93; 1.89; 1.69] and ranges 1.00-3.50, 1.00-3.0, and 1.00-2.75, respectively. Thus, the three semiexotic populations showed excellent pattern for resistance to the corn stunt complex, thus corroborating the efficiency of the introgression of exotic germplasm into local and adapted populations.
The trait EY (ear yield, t/ha) showed means [10.614, 10.419, 10 .842] very similar among the three populations, corresponding to 83.9, 82.3, and 85.7% of the hybrid check. Probably the small differences among populations are not significant, but maintained the order CRE-1 < CRE-2 < CRE-3 observed for the plant traits. The same yield pattern was observed for E4 (weight of four ears) and G4 (grain weight of the same four ears), whose means (t/ha) are in the sets [10.160, 10.618, 11.382] and [8.540, 8.680, 9 .440], respectively. The trait E4, expressed in t/ha, showed no great differences with EY representing 95.8, 101.9, and 105.0% of EY, respectively. Although both EY and E4 refer to ear yield, they are not the same trait because the difference in the criterion for sampling. Overall, the three semi-exotic populations showed relatively high levels of productivity for the tropical environment represented by the conditions in the experiments.
The analysis of variance of ten traits evaluated in half-sib families is shown in Table  6 , where the mean squares for families were not significant in several instances. The estimates of quantitative parameters are shown in Andrade and Miranda Filho (2008) are shown: 15.89, 11.15, 323.8, and 170.3 for the same sequence of traits. The coefficients of heritability ( σ estimates was CRE-01 < CRE-02 < CRE-03 in Cycle-I and CRE-01 > CRE-02 < CRE-03 in Cycle-II and the discrepancies were attributed to differences in planting dates and locations, that was off-season ("safrinha") in Jataí (GO) and normal season (summer) in Anhembi (SP), respectively. For the other traits related to yield (E4 and G4) the sets of 2 A σ estimates (g/pl) were [763.1, 723.4, 595.4] and [155.8, 399.5, 215 .1], respectively. For these traits, no large differences were observed among populations. For all traits reflecting yield potential (EY, E4, and G4) identifying the population with the higher variability, mainly when considering the different environments of the two cycles, was difficult mainly when considering the different environments of the two cycles. Nevertheless, the higher expression of the additive variation for EY was for CRE-03 in Cycle-I and for CRE-01 in cycle-II. Generally, all the populations expressed genetic variability in an appropriate level for selection toward intrapopulation improvement. ¤ Degrees of freedom: 1, 59, 59 for Blocks and Progenies, respectively. ◊ Analysis of variance with plot means for EL, ED, TB, TL, PH, and EH; plot totals for EW; and sample means for E4 and G4.
[1] , [2] , [3] : mean squares multiplied by 10, 10 2 , and 10 -2 , respectively. .260], respectively; the estimates for all these traits were generally at a lower level compared to values reported by previous studies. Additionally, the index of variation (θ) was relatively low, in the range of 0.25 to 0.75 for the yield traits in the three populations, thus indicating some limitation for the use of recurrent selection for population improvement. The environmental control and use of larger plots with more than two replications should increase substantially the efficiency of selection (Hallauer and Miranda Filho, 1988) .
The observed means of selfed (S 1 ) families for eight traits are also shown in Table 5 . The means of inbred families were smaller than the non-inbred families (HS) for all traits, except for resistance to corn stunt because an inverse scale was used, i.e., larger values for susceptibility and lower values for resistance; thus, inbreeding led to an increase in the observed values on the scale by decreasing the resistance to that disease. The larger differences between S 1 and non-inbred families (HS) were for the ear traits, in the range of 30 to 45% when considering the three populations.
Some parameters of breeding interest were estimated by using the non-inbred and inbred population means: 1) Id is the inbreeding depression, calculated by the difference between the inbred and non-inbred population means. 2) A = u* + a* represents the expected mean of a random sample of completely homozygous lines developed from the respective base population; for populations with heavy genetic load (presence of recessive alleles with strong negative effects on morphological or physiological traits) the A estimates are biased downward and making interpretation of the results difficult. 3) d* is the overall contribution of the heterozygotes to the population mean and is expected to be low for traits with low levels of dominance; heavy genetic load due to deleterious alleles that cause strong depressive effects also cause an upward bias in the estimates. For the trait CS (resistance to corn stunt) A and d* were not calculated because the model is not fully appropriate for the analysis based on scale of notes.
The quantity A (Table 8) was fairly consistent among populations with sets [188, 162, 187] , [100, 102, 101], [15.2, 13.4, 13.7] and [4.03, 3.59, 3.85] for PH, EH, EL, and ED, respectively, in the sequence of populations; the most prominent populations were CRE-03 for PH and EH and CRE-01 for EL and ED. The quantity d* was smaller than A for all plant and ear traits in the three populations and varied from 12.8 to 46.9%, when expressed in percent of Table 7 . Parameters estimates of plant and ear traits in half-sib families of three semi-exotic populations.
A. For yield traits, estimates of d* were biased upward as explained above. However, the estimates of A, although presumably biased downward, seems to be more close to the expected real effect. In percent of the original (non-inbred) population means, the effects A were observed in the sets: [21.9, 6.1, 9.3], [36.0, 24.0, 25.7] and [34.0, 17.9, 20 .2] for EY, E4, and G4, respectively, in the sequence of populations. Hallauer and Miranda Filho (1988) showed the change in the population mean for 12 traits over generations of inbreeding representing 0 to near 100% homozygosity; the extreme 100% represents theoretically the component A, as explained. The example shown by Hallauer and Miranda Filho (1988) was for the population Iowa Stiff Stalk Synthetic, and the population means were 7.0 t/ha and 2.4 t/ha, so that the component A should be around 35% of the original population mean. These comparisons indicate that a downward bias in A should be observed for the trait EY in all populations, but less expressive in CRE-01, likely because its lower genetic load. For the other yield traits, evidence for downward bias in A is not clear but; however, CRE-01 showed A% of the same order of that reported by Hallauer and Miranda Filho (1988) ; it must be emphasized that Iowa Stiff Stalk Synthetic is a synthetic population formed by intercrossing outstanding inbred lines, possibly with a low genetic load represented by deleterious recessive alleles (Silva and Hallauer, 1975 Id% -Expressed in percent of the non-inbred population mean; all values of Id are negative, except for CS because the use of an inverse scale. Estimates of the inbreeding depression (Id) in Table 7 showed that the population CRE-01 was the less depressive among the three semi-exotic populations for all traits. In fact, from the three base populations used for the incorporation of exotic germplasm, CRE-01 was the only one that originated from commercial hybrid. Lima et al. (1984) also reported that the less depressive material among 32 populations were those that had already submitted to some degree of inbreeding, as was the case of hybrids derived from from inbred lines. The same point had been already reinforced by Miranda Filho and Viégas (1987) . Farias Neto and Miranda Filho (2000) reported on inbreeding depression for plant and ear height and for tassel traits (weight, length, and branch number) in two subpopulations divergently selected for tassel size; except for plant height, depression rates were higher for the subpopulation selected for smaller tassel size. For yield traits (ear weight or grain weight), several reports observed inbreeding depression in the range of 37.5 to 68.0% (Mota, 1974; Vianna et al., 1982; Gama et al., 1985; Miranda Filho and Meirelles, 1988; Nass and Miranda Filho, 1995; Packer, 1998; Simon et al., 2004) . Lima et al. (1982) introduced two sources of maize germplasm for downy mildew resistance and found inbreeding depression of 43.0% in both populations, Suwan-DMR and lection of S 1 families) should be conducted before developing inbred lines for use in hybrid combinations.
Source PH EH EL ED [1] RS [4] EY [5] E4 [5] G4 [5] Population Table 10 . Parameters estimates of plant and ear traits in S 1 families of three semi-exotic populations.
